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DIGITAL GEOGRAPHIC DATA UTILIZATION IN 

SIMULATING TOXIC ROAD ACCIDENT 
 

J. KOLEJKA 
 
 

ABSTRACT.- Digital geographic data utilization in simulating toxic road accident. 
The present state of disaster management can be characterized by a low level of geographic 
data utilization. Some relevant cases of these data’s effective use are presented in this paper. 
They show models of pollutant outflow routes, risks of its infiltration into the environment 
as well as alculations of affected soil values. Different methods of data visualization can be 
used both by disaster management teams and the general public. All the utilized data are 
available in digital form in the Czech Republic and are stored in a number of databases with 
differentiated access. Utilization of geographic knowledge draws on implemented GIS 
technology. 
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1. Introduction 
 
Various disasters have become a common topic presented in the media. 

People are informedabout disasters virtually on a daily basis. The increasing 
number of such information can beattributed to improved communication and 
information channels among world regions but it is doubtlessly directly related to 
an actual increase in such event occurrence. The increased occurrence of disasters 
can be accounted for a number of causes: higher population density due to 
population growth, higher concentration of property and its increasing value, 
higher population obility, increased transport of toxic materials, more frequent 
occurrence of extreme natural processes and phenomena, decrease or loss of 
historical landscape memory, failure to respect the degree of natural risks, 
overestimation of human abilities and technology, increasing prices of chattel and 
real estate as well as increasing costs of damages. 

The Czech Republic has recorded a consistent increase in the recurrence of 
100-year floods in the same areas over the past twenty years (1997, 1998, 2002, 
2006, 2008, 2010). While water course (river basin) managers are legally bound to 
restore affected areas to their pre-flood condition (no matter how costly and often 
illogical it may be with respect to landscape development), the business sector 
reacts to these events more sensitively. Primarily the insurance sector is quick and 
flexible in its reactions. Insurance costs in high flood risk areas (and other types of 
risk) increase considerably. Czech insurance companies have published maps of 
graded flood risk areas to draw the attention of those who had refused to take into 



RISCURI Ş
I C

ATASTROFE 

An. 
IX

, v
ol.

 8,
 nr

. 1
/20

10

Riscuri şi catastrofe Victor Sorocovschi 

 12

account expert warnings to the fact that natural risks have their economic aspects 
and can have an immediate effect on family or company budgets. According to 
Munich Re (in Záruba 2010), a German insurance company, over 440 natural 
disasters took place globally in the first half of 2010, which exceeds the 
corresponding average numbers recorded in the past ten years (380). Globally, 
damage caused has increased to USD 70 billion (2000-2009 – USD 41 billion), 
with damages mounting to USD 22 billion (2000-2009 – USD 11 billion). The 
growing number of casualties is most alarming – over the first half of 2010 
approximately 230,000 people died (the average first half-year number in 2000-
2010 being 30,000 people). 

The marked increase in casualty numbers can be accounted for the 
earthquake in Haiti in April 2010. While natural disasters recur in relevant areas of 
naturally increased risks, technological and other entropic accidents show a much 
lower degree of correspondence with areas and their haracteristics. A particularly 
critical insecurity can be traced in the sphere of potential mobile sources of 
accidents, primarily on land, water and air routes. Despite the fact that it is virtually 
impossible to localize road accidents in advance (although places prone to higher 
accident rate are well known), possible impact of the accidents, primarily those 
where toxic pollutants are dispersed in the environment, can be eliminated with the 
help of knowledge on the relevant areas and their characteristics and with regard to 
the character of transported substances. Geoinformation technology, high-quality 
databases and efficient processing technology based on expert systems and 
knowledge may considerably contribute to decision making in all stages of disaster 
management, and as such alleviate both direct and indirect impact of a disaster. 
Geographic data on the given area as well as expert geographic knowledge on 
relevant interactions between the environment and the pollutant play an important 
role when it comes to supporting decision making. 
 

2. Disaster Management 
 

Modern disaster management (hereinafter DM) constitutes a set of 
activities focused on the preparatory, operation and remedial stages of dealing with 
landscape processes which pose a threat to human lives and property. The present 
disaster management stresses the importance of topographic data, modeled 
accessibility of sites subject to the dangerous event, predictions of selected 
hazardous phenomena (floods, forest fires) and primarily gives preference to 
technical aspects of a taken action and the remedial measures. It is obvious that 
physical geography data, including spatial data and geographic knowledge, have 
not been fully capitalized to date. Among other things, the currently implemented 
project “Dynamic Geovisualization in Crisis Management” seeks to find ways of 
how to efficiently apply geodata on individual natural landscape elements both in 
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their original and interpreted form as well as geographic knowledge in the course 
of structuring procedures of natural science support of disaster management. 

All hazardous phenomena and events take place in a geographic 
environment and natural, economic and human landscape components take part in 
them in different ways. These events must be tackled by disaster management, a 
self-contained system of management activities of relevant authorities which focus 
on analyzing and assessing safety risks, planning, organizing, implementing and 
supervision of activities conducted in relation to solving a crisis situation (Act No. 
240/2000 Coll. on Crisis Management). Towards the end of the 20th century, the 
originally military term acquired a universal meaning to denominate processes 
associated with managing crisis situations of natural, anthropogenic, social, 
economic or business character (Antušák, Kopecký 2003). Its wider (and thus civil) 
understanding (as “emergency management”, according to the Monolingual 
Dictionary of Crisis Management and State Defence, 2008) encompasses all 
approaches, opinions, experience, recommendations, methods, measures and 
relations applied in the hierarchical and functionally interconnected system of 
relevant public service administration bodies, legal and physical entities with the 
following objectives: 

- to minimize (eliminate) the possibilities of crisis emergence (by reventing 
and correcting crisis situations jointly with effective anti-crisis intervention) and/or 
(should a disaster emerge); 

- to reduce the extent of damage, minimize disaster duration, remedy the 
effects of its negative factors and to restore the system back to its standard state 
(Dvořáčková 2008). 

The Czech Republic disaster planning system encompasses three relatively 
independent spheres: defence planning, civil emergency planning and emergency 
planning (Antušák, Kopecký 2003). Despite the fact that physical geography data 
and knowledge can be widely applied in all three spheres, little has been done in 
this respect so far. In order to solve critical situations in the Czech Republic, the 
Integrated Rescue System (IRS) was established, coordinating the joint 
proceedings of its basic units (Fire Rescue Service of the Czech Republic, medical 
rescue service, police) and possibly also other designated units (other rescue 
services, civil protection establishments, specified armed forces, etc.) during 
preparations for emergencies and during rescue and clean-up operations (Rektořík, 
et al. 2004). The basic bodies provide a permanent standby duty to receive 
notifications of emergencies, assess their scope and take immediate action. Geodata 
and physical geography knowledge may be useful at different stages of DM when 
dealing with emergencies. Upon taking immediate action (when the primary 
objectives are to save human lives and protect health) it is suitable to utilize data of 
the Digital Terrain Model (DTM) to create 3D models of the emergency space and 
thus allow operational decision making of the IRS bodies within it. 
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Similarly, immediate weather data can be used for the same purposes. 
Short-term decision making (stopping the spread of damage to people, property and 
the environment) can already make good use of data on all landscape components, 
as IRS technical resources are deployed on the emergency site at this stage. 
However, the process of selecting suitable technology and the place of its 
deployment requires an interpretation of analytical data on the given hazard’s 
behavior (flood, fire or dispersion of a toxic agent). Apart from the original 
geodata, geographic knowledge of the interpreted data or in the course of 
conducting an operation will therefore come useful at this stage. The medium-term 
horizon will then encompass clean-up operations and the long-term horizon will 
focus on education and prevention (as well as integrated risk assessment of 
individual cases of possible emergencies). At this stage, physical geography data 
and knowledge constitute an integral part of any efficiently working DM bodies 
(although not enough effort is made in the Czech Republic and abroad to 
incorporate this knowledge in standard procedures). 

The efficiency of disaster management measures is determined by the 
speed and accuracy of measures taken and deployed in solving a given emergency. 
Therefore it is necessary to outline, formulate, formalize and algorithmize the 
relevant procedures to be implemented into computer-supported DM decisions and 
thus initiate the development of such products (directions, solutions) and 
visualizations which will support users at individual DM levels, ranging from 
management to individual civilians. Such tasks can be implemented only on the 
basis of an interdisciplinary integration of data and knowledge on the natural, 
economic and social aspects of the environment. 

Different geodata and expert knowledge characterize groups of activities 
and DM operations at the following stages: 

- preventive measures (risk assessment – predicting places with highest 
probability of a given hazard occurrence). Risk assessment is a standard example 
of decision- making support, as it channels the DM bodies’ attention in the right 
direction and notifies informed civilians of critical points. The risk degree can 
consequently eliminate the occurrence of processes which might trigger the 
emergency itself (Chung, et al. 2005). For the purposes of risk assessment we can 
utilize predominantly data on the primary and secondary landscape structures and 
subject them to special-purpose interpretation under the supervision of an expert 
and the knowledge they wield. Should the risk process be triggered, documents of 
graded risks constitute an integral part of an early warning: 

- planning actions (modeling the adverse phenomenon in its various 
alternatives – classification of methods and places of action). In case of immediate 
action (when saving lives and health protection are a priority) it is advisable to use 
the Digital Terrain Model (DTM) data to create a 3D model of the given space to 
facilitate operational decisions of the relevant IRS bodies within it. Similarly, 
immediate meteorological data may be used for the same purpose: 
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- operational decision making (implementation of action – place, time and 
method, presentation of objectives to management and civilians). 3D visualization 
of the situation (land use) and vulnerable objects (tertiary structures) is optimal at 
this stage as well as information on risks which might have a negative impact on 
the emergency development; 

- consequent short-term and medium-term remedial measures (expertly 
founded selection, localization, extent and intensity of activities). Short-term 
decisions (stopping the spread of damage to people, property and the environment) 
can already make good use of data on all landscape components, as IRS technical 
resources are deployed on the emergency site at this stage. However, the process of 
selecting technology and the place where it should be deployed requires 
interpretation of analytical data on the given hazard’s behavior, e.g. flood, fire or 
dispersion of a toxic agent. Apart from original geodata, expertise in interpreting 
data or in the course of conducting an operation will therefore come useful at this 
stage. Medium-term activities will then encompass clean-up operations: 

- long-term mitigation of emergency outcomes (similarly expertly founded 
selection, localization, extent and intensity of activities). At this stage, expediently 
interpreted geodata on individual landscape components may be implemented, both 
in relation to enhancing the regenerative (and resistance) functions of the given 
objects and sites, as well as education and prevention.  

Geodata and expert knowledge have always played an important role in 
optimizing land use, should it be with respect to more efficient use of resources and 
space or with respect to eliminating the negative impact of human activities on 
landscape structures and vice versa. At present, computer technology (ICT, GIS, 
RS, computer cartography, expert systems, etc.) at the disposal of experts as well 
as efficient tools aided by expert systems are capable of facilitating a much faster, 
more reliable and effective DM. So far mostly administrative and technical 
approaches have taken advantage of this powerful aid. The above mentioned 
approaches gradually accept expert knowledge and structured data on the landscape 
(depending on the type of structure), which opens up unheard-of possibilities for 
DM in the near future. 

 
3. Geographic Data Sources for Disaster Management Support 
 
 Relatively recently, a certain standardization of disaster management, as to 

the typology of possible risk processes, has taken place in the Czech Republic. At 
present, approximately 70 types of disaster processes are distinguished, ranging from 
purely natural (e.g. floods), human-triggered (e.g. forest fires) to purely technical 
processes (facility failures). Formally, every type comes with a clear description and 
an outline of recommended measures. When it comes to practical implementation, 
any of these approx. 70 hazards is tackled with the help of documentation whose 
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utilization is conditioned by the hazard’s extent, working knowledge of the situation 
and the given area, the required spatial analyses and the obligation to create 
documentation. For the time being, it is not mandatory to deploy geographic data as 
part of a set procedure which would be binding for any given emergency. However, 
various geodata may be used at individual stages of disaster management, depending 
on the required time horizon of decision making (Fig.1). 

 

 
 

The actual utilization of geodata deployed in the course of individual types 
of hazards is a relatively complex multi-level process. Owing to the fact that in 
most cases time is vital, long term preparation is necessary, in terms of operational 
DM teams, individual IRS bodies, technology and personnel deployed as well as 
cartographic support. Regardless whether the available geodata outputs are 
generated on-line or off-line, it is necessary to have a premeditated flow of 
thoughts, operations and measures at one’s disposal (Fig.2). 

 
 

Figure 1. Differentiated requirements for geospatial data in disaster 
management decision making 
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Figure 2. Outline of component steps aimed at 

deploying cartographic geodata visualizations in 
disaster management of a given hazard 

The actual geodata 
utilization is initiated by the 
process of relevant data 
mining. For this purpose, a 
provisional catalogue of 
available geodata must be 
created as applicability of 
individual data layers with 
regard to the given hazard 
type and the stage of reacting 
disaster management may 
not be apparent initially.  

The outline of 
available geodata should 
encompass the following: field 
to which the data are related, 
geodata title, Name of adminis-
trator/user/or author and general 
content description. This pre-
liminary cataloguing is a vital  
prerequisite for any consequent 
preliminary geodata analyses, as 
it provides a relatively clear and 
user-friendly list of all the 
existing geodata while not 
binding the users to utilize these 
data at any given step or DM 

operation. However, the actual description of relevant data for a given DM 
procedure must be detailed to allow fast search for the required geodata in the 
hierarchized or an object-oriented information system created for the purposes of 
disaster management. 

The final list of relevant geodata required either for experimenting at the 
preparatory stage or for operational deployment in the implementation stage of a 
given emergency should also include (both for on-line and off-line use) instructions 
for the given data layer targeted utilization. Disaster manager thus could get access 
to the existing databases and either to generate map outputs on remote map servers 
or (which will be the most likely scenario for the foreseeable future) to download 
and process the required data layers following a preliminary or operative approval. 
Another possibility is to create one’s own special-purpose databases filled only 
with relevant data layers. These can then be used to create special-purpose 
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derivates with regard to the expected possible emergencies, or an expert system 
must be incorporated into the processing system to generate the required basic 
geodata derivates upon demand. Once an emergency arises, the required data layers 
may be extracted from the geodatabase and consequently interpreted. Special-
purpose derivates in the form of thematic maps are then provided to a disaster 
manager or disaster management team to support theirdecisions. 
 

4. Example of Physical Geography Data Utilization in Disaster 
Management 

 
The operational stage of disaster management primarily focuses on saving 

lives and then property. Operational decision making at this stage draws mostly on 
digital topographic data demonstrating the hazard site and access routes. Under the 
research project, a collision of a tank truck transporting toxic liquid was simulated 
in the Ráječko settlement (part of the town of Rájec-Jestřebí) situated north of 
Brno. A road and land use maps provide a wider context of  the situation (Fig.3). 

 

 
 

A topographic map and an orthophoto provide a detailed perspective 
suitable for operational task solution (Fig.4). 

  
 

Figure 3. A general visualization of grid and vector geodatabase data in first 
approximation (road map – on the left, land use map – on the right)with highlighted spot 

of the simulated toxic road accident 
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The following short-term measures aiming to eliminate the disaster’s 
impact must draw on deeper knowledge of the environment in which the hazard 
impact elimination operation is to take place. In the sequence of follow-up 
measures, those which are to prevent secondary damage to lives, health, property 
and the environment as such have priority. 

The physical geography data and knowledge input is initiated by the need 
for qualified estimations of the pollutant’s movement and behavior. Let us suppose 
that the pollutant is a thinner and thus fast moving, liquid and polluting (toxic) 
agent characterized by a tendency towards infiltration. Owing to the fact that it is 
liquid, the primary objective is to estimate the 
pollutant’s route on land surface. An accurate digital relief model can be used for 
these purposes, as it allows us to generally determine runoff routes in the area 
(talwegs) and to identify relevant runoff routes for the disaster site with the help of 
a selected tool of hydrological modeling (Fig.5). 

An example of a useful, if simulated use of physical geography data on 
landscape for the purposes of disaster management decision making are digital 
geodata on oil and geological features, i.e. environments which considerably affect 
the liquid pollutant’s behavior in the environment after its release during a road 
accident and which are saved in different remote institutional geodatabases (those 
of the Czech Geological Survey, Research Institute of Soil and Water 
Conservation, Institute of Forestry Management). Information on soils is included 
in geodatabases on soil mantle of agricultural and forest land (ecological soil 
classification units, hereinafter ESCU – 1:5000 accuracy, forest type maps – with 
accuracy of 1:10 000) and is available on the intranet. Digital quaternary geologic 
maps (accuracy 1:50 000) are publicly available on the intranet. 

  
 

Figure 4. Detailed visualization of grid data in a detailed operational approximation 
(topographic map, 1:10 000 accuracy – on the left, orthophoto of approx. 1 m resolution 

– on the right) 
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The question remains whether under the pressure of a full-blown 

emergency the disaster management dispatching would be capable or have the time 
to select the required data, interpret them with regard to the ongoing event (and 
define the risk degree) and use them to accelerate the process of taking the right 
decision. A way how to solve this critical point is to prepare interpreted maps (by 
using expert knowledge) for possible scenarios of individual types of emergencies 
in advance and to use sophisticated SW to generate such maps upon request.  

 

 
However, expected time pressure and the possibility of failing to access the 

system still argue against generating such data online. Another indisputable fact is 
that disaster management teams are not fully aware of what types of data and their 
interpretations could enhance the effectiveness of their work. Yet, a DM team may 
be provided with necessary, good-quality data prepared in advance to facilitate 
short-term decision making with the objective to eliminate the hazard’s spread, as 

   
 

Figure 5. Utilization of digital relief model in estimating surface runoff routes of a 
pollutant with the help of hydrological GIS modeling 

 

 
 

Figure 6. Extracts of maps describing the risks of pollutant behaviour in soil and 
geological environments for the surroundings of the simulated hazard presented in the 
form of avisualized and specially interpreted basic geologic map (left) and a BPEJ soil 

map (right) 
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shown in the following example. Maps assessing the risks of liquid pollutant 
behaviour in soil and geological environment were prepared in advance for the 
given area and simulated hazard (risks of infiltration and surface runoff). To allow 
better orientation, extracts of these and other risk maps were created for the 
surroundings of the collision site (Fig.6). 

Runoff routes were modelled for the nearest surface watercourse and were 
combined with the available maps of the pollutant behaviour risks in more detailed 
extracts which reveal points where decisions must be made about the technology 
used for tackling the hazard (Fig.7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Once the transition site between the less and more risky areas of the 
surface running pollutant were determined, it was possible to assess the site’s 
accessibility to heavy machinery (construction of runoff barriers, removal of 
contaminated soil) with respect to land prices, which may be one of the values 
damaged by the mitigation measures (Fig.8). 

 
Figure  7. Estimated routes of liquid pollutant surface runoff from the collision site 

to the nearest surface watercourse on the background of interpreted quaternary 
geologic and land use maps (red arrows indicate sites where decisions are required 

with regard to possible entry of the pollutant into a high-risk environment, blue 
arrows indicate sites of population concentration in case of evacuation) 
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The above listed visualizations of interpreted content of geodata layers 

stored in various geodatabases are at the disposal of technical intervention 
management and facilitate shortterm decision making with the objective to 
eliminate further spread of a hazard. Similarly, digital maps of vulnerable objects 
could be used in cases when their inhabitants need to be evacuated prior to 
intervention or at least notified of the same. 
 

5. Conclusion of geodata cartographic visualization for the 
purposes of communication with the common citizens 
involved in an emergency 

 
The existing GIS-supported disaster management systems deal with the 

cartographic aspect of created and presented planning documents only marginally. 
The focus of contemporary cartographic production lies in the creation of 
documents intended for emergency squad dispatching and possibly also 
headquarters. Not even international examples of sophisticated systems can 
disguise a considerable primitiveness of such cartographic products, which 
obscures their readability and usability, not to speak of a certain degree of threat to 
the success of the planned action. However, primitiveness does not equal 
simplicity. A number of issues can be solved by complicated calculations aided by 
GIT and yet the results may be expressed with the help of simple cartographic tools 

 
 

Figure 8. Visualization of a land price map calculated from a ESCU soil map in 
order to select such access routes to the intervention site (construction of runoff 

barriers to block surface runoff of the pollutant, removal of contaminated soil, other 
damage caused by possible intervention) which would minimize damage caused by 

the intervention itself 
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in order to safeguard uniqueness of their use. Photorealistic 3D models of the 
intervention area can play an important role in facilitating correct independent 
action of general public participants of the emergency (Fig.9). 

 
Passive participants, or citizens, have been somehow left behind when it 

comes to currently employed emergency solutions. They should also be informed 
in time, sufficiently and in an appropriate fashion about things happening in their 
surroundings. Despite the fact that people get to know the basics of cartographic 
language, i.e. reading and understanding of maps, already during their elementary 
schooling, there is no doubt that this knowledge may go rusty over the years. 
Considering this, in similar cases it seems important to offer and deliver 
information in a visual 3D model form and to distribute it into mobile devices and 
information kiosks. Consistent improvement of these models (e.g. by using 
textures) and their regular update will greatly contribute to the safety of citizens. 
As such it represents a pressing issue for both the public and business 
geoinformation community. 

 
 

Figure 9. Close-to-reality 3D model of the hazard site with highlighted expected 
pollutant runoff routes as well as places of an increased risk of infiltration into the 
surrounding geological environment on a valley floor, oriented with the help of a 

northophoto, 3D relief model and 3D models of building objects. 
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The presented results are part of the “Dynamic Geovisualization in Crisis 
Management” research project No. MSM002162241 supported by the Ministry of 
Education, Youth and Sports of the Czech Republic. The project focuses on 
developing tools and methods facilitating optimal decision making in cases of 
hazard phenomena with the help of properly visualized and interpreted geodata. 
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